a considerable amount of work has been done on the blood levels of other enzymes liberated from necrosed heart cells. Because of lack of specificity and difficulty of estimation, very few other enzyme estimations have been adopted as routine diagnostic tests. We have found the estimation of serum lactic dehydrogenase (SLD) to be a very useful supplementary test to SGOT determinations King and Waind, 1960 ), a view not universally accepted, because raised SLD levels are found in a variety of conditions (Agress and Estrin, 1963) . Latterly the specificity of the SLD estimation has been improved by making use of the different characteristics of lactic dehydrogenase of heart muscle origin, compared to that of other tissues. Thus, lactic dehydrogenase from heart muscle will respond differently to the effect of heat (Wroblewski and Gregory, 1961) , to acetone precipitation (Latner and Turner, 1963) , to chloroform inhibition (Warburton and Smith, 1963) , in substrate specificity (Elliot and Wilkinson, 1961) , and in electrophoretic mobility (Wroblewski, Gregory, and Ross, 1960a ; Van der Helm et al., 1962) . Since all these characteristics have been used to devise more specific tests for myocardial infarction, it is apparent that it is this lack of specificity that has caused most concern in accepting enzymological findings when cQnfirming a diagnosis of myocardial infarction.
It has recently been shown that estimation of serum creatine phosphokinase (SCPK) may provide a very specific test for heart muscle necrosis (Dreyfus et al., 1960; Smith, 1964) . This enzyme exhibits maximum activity in striated muscle, brain, and heart muscle, and is known to be liberated into the blood stream within a very short time following myocardial infarction, and subsequent heart muscle necrosis. It achieves a peak of maximum activity 18-30 hours from onset, and returns to normal after 3-4 days total increase. Since the involvement of brain and skeletal muscle produces symptoms so clinically different from myocardial infarction it appears that estimation of SCPK would prove an ideal test, providing it could be carried out on specimens collected within 3 days of onset.
METHODS OF INVESTIGATION AND RESULTS
To evaluate the usefulness of SCPK estimations, we carried out a series of tests comparing it with certain other enzyme tests used in the diagnosis of myocardial infarction. The tests were carried out on 20 patients who had recently suffered a myocardial infarction, on 10 patients who presented with symptoms which might be confused with myocardial infarction and required further investigation, and on 20 normal subjects.
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As comparative tests, we selected SGOT, SLD, serum a-hydroxybutyrate dehydrogenase (SHBD), and electrophoretic separation with subsequent staining for lactic dehydrogenase (LD) activity. SHBD is a test that makes use of the greater affinity of heart SLD for a special substrate, in this case a-hydroxybutyrate. Since the tests are somewhat specialized and open to various interpretations, we have listed these and the methods employed separately in the Appendix.
To establish the typical SCPK pattern of myocardial infarction, we were able to select 20 patients in whom we felt the diagnosis was not in doubt. Chest pain had been a prominent feature in every instance, with radiation of the pain to one or both arms occurring in 18 of the 20 patients. Ten gave a previous history of angina of effort, and 4 were clinically shocked on admission. In only one was there evidence of arrhythmia, this being in the form of multiple extrasystoles. Two of the male patients died; post-mortem findings indicated that one had died as a direct result of myocardial infarction and the other from cerebral embolus, secondary to a mural thrombus. All showed conclusive electrocardiographic evidence of acute infarction in the form of convex S-T segment elevation and deep symmetrical T wave inversion, followed by the development of Q-S complexes or abnormal Q waves (i.e. of 0 04 sec. or more in width). Eleven patients had anterior and 9 had posterior myocardial infarctions. When the serum of all 20 patients was examined electrophoretically for SLD isoenzymes, prominent LD5 and LD4 bands (heart LD) were present in every instance. Figure 1 shows typical findings from one of these patients, although in this particular instance the SCPK remained raised for about 4j days, which was the longest period of increase we recorded. Fig. 2 shows the total SCPK findings over the first few days, and in the proven myocardial infarctions the SCPK was raised to between 6 and 20 times the upper normal level, and remained raised up to 4j days from infarction: the period of increase lasting for 4i days was unusual, most having returned to normal after 3 days. One worker (Smith, 1964) reported that all serum levels were back to normal after 3 days, and another (Dreyfus et al., 1960) reported that the return to normal coincided very closely with that of the SGOT.
We were only able to collect 10 patients with clinical features simulating myocardial infarction S..RK. on admission to hospital. These included patients with peptic ulceration, hiatus hernia, pulmonary infarction, pain of spinal origin, and atypical chest pain with equivocal electrocardiographic findings. In one or two patients slight increases of SGOT and SLD occurred, most probably caused by prolonged shock (Wilkinson, 1962) . These patients are shown more fully in Group 2 in the Table, and though serial enzyme estimations were carried out on them, a raised SCPK was never demonstrated, and at no time were bands of heart LD detected by isoenzyme electrophoresis.
None of the normal subjects investigated showed a raised SCPK. Other enzyme levels were also normal in these subjects, apart from two SLD levels in the 500-550 region. These findings were in accordance with those of our previous investigation , and it does seem that normal SLD levels rarely exceed 400 Wroblewski units per ml. by the Sigma colorimetric method, but because of the peculiar function of the enzyme and its intimate connexion with the anerobic pathway, values of 400-500 Wroblewski units occur without any cellular necrosis being involved. Athletes for instance tend to maintain higher levels of SLD than other people (Halonen and Konttinen, 1962) .
In this respect it is worthy of note that SCPK also tends to be slightly raised after exertion and even after moderate exercise.
One possibility we failed to investigate due to lack of patients, was the behaviour of SCPK in relation to the delayed rise in enzyme activity which occasionally occurs when marked hypotension is present immediately after infarction . A feature very favourable to SCPK determination is its freedom from interference due to hemolysis. So far as we were able to tell, hemolysis had virtually no effect on the determination. Three further patients provided some interesting enzymological findings. One patient, who had been admitted to hospital, presented clinical evidence suggesting a diagnosis of mycocardial infarction. This was later confirmed by the presence of a typical electrocardiogram and raised levels of all the enzymes investigated, together with well-marked LD5 and LD4 (heart) bands on electrophoresis. All serum enzymes returned to almost normal levels except the SLD which was still raised 16 days after infarction (Fig. 3) . In the course of further investigations this patient was found to have a megaloblastic anmmia, a condition in which the SLD remains high, the dual pathology offering a satisfactory explanation of the atypical increase in SLD from the point of view of his myocardial infarction. Two other patients with myocardial infarction suffered a further infarction during their stay in hospital. This was detectable by recurrence of chest pain and change in the electrocardiographic pattern. All enzymes showed a coincident rise, including a new increase in SCPK from the normal level to which it had returned. In neither instance was the new peak as high as the original one which followed the first infarction (Fig. 4) .
DISCUSSION
From the results obtained, we concluded that in the first 48 hours, and possibly the first 72 hours from onset, a raised SCPK level is diagnostic of a myocardial infarction having occurred in a patient presenting with typical symptoms. In this respectit is superior to the SGOT and SLD determinations which show a certain lack of specificity and occasionally become raised in conditions of prolonged shock, probably due to a slight degree of liver cell necrosis.
Although in cases where enzyme levels are considerably raised, SHBD exhibits a good degree of specificity as an indication of heart muscle necrosis, it does not work too well at slightly raised levels, and in this respect SCPK is a superior test. We have found this criticism to be true of all the specialized tests for heart SLD mentioned in the introduction with the exception of the electrophoretic separation. Unfortunately, it is in cases where the slightly increased levels occur that the enzyme evidence is of most value, since these are usually the cases where electrocardiographic evidence is equivocal or lacking. We would, therefore, list the SCPK test and the electrophoretic determination of the isoenzyme pattern of LkD isoenzymes, as the two most specific estimations for inyocardial infarction.
For SCPK estimation, the blood specimen must be collected within at most 72 hours of onset, preferably within 48 hours. In the case of electrophoretic separation, the heart bands of LD5 and the lesser marked LD4 are reported to be still detectable two weeks after infarction (Latner and Skillen, 1961 ). This method is not particularly good for detecting second infarctions, rise in activity being judged by stain intensity, but the SCPK activity appears to be a very suitable test for this purpose.
With so many new and varying enzyme tests being added to the list of those useful in confirming a diagnosis of myocardial infarction, it becomes difficult for clinicians and laboratory workers to select those that are easiest to perform technically and at the same time to supply the most useful information. It seems that part of the evaluation of the usefulness of a test should be to indicate its place in the laboratory routine. 
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It has been our view for some time that the greatest value can be derived from enzyme tests in diagnosing myocardial infarction only if there is utmost co-operation between clinicians and the laboratory. Probably the most useful method is to collect blood specimens daily on each of four days from onset, sending these immediately to the laboratory where the serum can be separated, checked for hemolysis and stored.
If electrocardiographic findings are conclusive, and the physician is satisfied that a myocardial infarction has occurred, then no further laboratory investigations need be done, and the sera can be discarded, or saved for use as control sera to check subsequent tests.
However, in dubious cases, we would suggest SGOT and SLD determinations on all specimens, and SCPK determination on the first two or three, with recourse to electrophoresis for LD isoenzymes if necessary. We feel this would give ample coverage and enable any slight rise in SGOT to be assigned to the correct source. This means that we would preferably regard the SCPK as a confirmatory test, useful essentially because of its specificity. We have found estimation of SCPK at slightly raised levels to be rather critical and require careful checking and monitoring and for this reason prefer not to rely on it entirely in dubious cases.
CONCLUSION
Estimation of serum creatine phosphokinase (SCPK) appears to be a very specific test for myocardial infarction. It is comparable in specificity to electrophoresis of LD isoenzymes, superior to SHBD in the more critical range of slightly raised levels, and more specific than direct estimation of SGOT and SLD.
It can be performed on hemolysed sera. The test must be carried out, however, on specimens collected very soon after onset, preferably within 48 hours, and certainly not later than 72 hours.
A somewhat large blood sample (2 ml. of serum) is required and levels that are only slightly raised require careful checking. Because of this latter feature we prefer to regard it as a useful supplementary test, rather than an essentially diagnostic one. It also has a very useful function in detecting repeated myocardial infarctions occurring within a few days of the first episode, being superior to electrophoresis of LD isoenzymes in this respect.
SUMMARY
To assess the value of serum creatine phosphokinase (SCPK) estimations in the diagnosis of myocardial infarction, serial determinations of the serum enzyme activity were made over the first few days following infarction on 20 selected patients in whom the diagnosis had been firmly established. The SCPK levels increased from six to twenty times the normal value during the first 48 hours after onset, and had usually returned to normal after 72 hours; the maximum period of increase being one of 44 days. Raised SCPK values were never demonstrated in a control series of 10 patients presenting with symptoms which might have been confused with those of myocardial infarction, or in 20 selected normal subjects.
Of four other enzyme tests run in parallel, only the electrophoresis of SLD isoenzymes produced a comparable standard of specificity. Slightly raised values of SGOT and SLD were sometimes found in conditions other than myocardial infarction, and though SHBD gave clear-cut results at high levels, we felt that slightly raised values were not specific.
Because of the brief period of increase, and the difficulty of estimation at slightly raised levels, we felt determination of SCPK activity would, at present, be more suitable as a confirmatory test rather than an essentially diagnostic one. It seems to be particularly useful for detecting repeat infarctions which occur soon after the first one, and for use on haemolysed specimens, since haemolysis does not give rise to raised values, although it may render the estimation more difficult.
activity. The first difficulty we overcame by using small strips of Cellogel (obtainable from Shandon Ltd.) on which separation occurs rapidly, distinctly, and very little current is required for separation. The staining method of Ressler (Ressler, Joseph, and Schulz, 1962) has been the most satisfactory in our experience and the bands of heart LD (LD5 and LD4) appear to be typical findings in myocardial infarction (Wr6blewski, Ross, and Gregory, 1960b) , migrating roughly to the a, and a2 globulin position respectively.
The units of enzyme activity recommended by the manufacturers have been retained throughout. These are as follows:
Serum glutamic oxalacetic transaminase Serum lactic dehydrogenase Serum hydroxybutyrate dehydrogenase Serum creatine phosphokinase Sigma Frankel Units per ml. Berger-Broida Units per ml. Conventional Units per ml. Wroblewski Units per ml.
